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Introduction
It is often useful to make international comparisons using ratios regarding resources used in healthcare. Both the public and doctors need to be assured that their country has an adequate number of hospital beds, hence the need for international comparisons of bed numbers. The number of hospital beds is one area of interest, which is currently measured as the number of beds per 1000 population. This ratio ranges from 0.2 beds per 1000 people in places like Madagascar, the In this study, the term 'deaths' always refers to the total number of population deaths and includes those in hospital, at home, in a hospice or any other location. In 1976, deaths in England and Wales peaked at 598 500, and then declined for the next 35 years reaching a low of 484 400 in 2011; a 19% reduction. Since then deaths have steadily risen. (Jones, 2017a) . The resulting reduction in pressure on bed occupancy before 2011, caused by lower end-of-life bed demand, was largely ignored. Indeed, most current models for forecasting bed demand are based on the notion that demand depends entirely on age, hence the often-repeated mantra that the ageing population is increasing demand (Busse et al, 2002) . With deaths in England and Wales increasing dramatically since 2011 (Jones, 2017c ) and projected to increase by 27% between 2014 and 2040 (Bone et al, 2018) , it becomes important to know whether deaths or age structure will drive the marginal changes in demand for beds.
Indeed, several studies have concluded that the omission of the nearness to death effect leads to gross over-estimation of the role of age in diverse aspects of health care such as cognitive decline and prescription costs (Rabbitt et al, 2008; Moore et al, 2017) . Hence the ratio of available beds per death offers the possibility of a more reliable ratio for international comparison of bed availability.
This article uses data from 185 countries on the available beds per death and discusses how local and international bed provision can be understood. Table 1 illustrates the number of available beds according to type and the average occupancy for NHS beds in England. Bed occupancy is traditionally measured at midnight. As can be seen in Table 1 , acute hospital beds account for 79% of all NHS hospital beds. Occupied beds are a sub-set of total available beds and is determined by the occupancy margin, which depends on hospital size, complexity and bed availability relative to demand (Jones, 2011) .
Methods & Data
The total number of available hospital beds (acute and mental health, public and private) per 1000 population, and the crude mortality rate per 1000 population were obtained for 188 countries by the World Bank (World Bank, 2018 Regression was performed using the 'Curve Fit' function in Microsoft Excel.
Results
The World Bank (2018) defines a hospital bed as: "Hospital beds include inpatient beds available in public, private, general, and specialized hospitals and rehabilitation centers. In most cases beds for both acute and chronic care are included." On average, 55% of a person's lifetime use of a hospital bed occurs in the last year of life (Hanlon et al, 1998) . From this, it should be possible to determine whether deaths, as opposed to demographics, acts as the primary driver for hospital bed numbers, and how different countries rank according to this measure.
Figure 1 details hospital bed numbers (including mental health beds) per 1000 deaths for 188 countries (World Bank, 2018) . Since the ratio of available beds per death remains roughly constant in the short term, it is not essential that data from all countries occur in the same year. Likewise, deaths per 1000 population only changes slowly over time. A figure of 372 available beds per 1000 deaths is the international median, while the interquartile range is 169-596 beds per 1000 deaths. Some 19 countries have over 900 beds per 1000 deaths and Monaco with 1586 beds per 1000 deaths has the highest number of available beds. As can be seen, the UK (322 beds per 1000 deaths) is nearing that of developing countries. Countries with approximately the same number of deaths per 1000 population as the UK (9 deaths per 1000 population) have an average of 524 beds per 1000 deaths compared to 322 in the UK. The USA (345 beds per 1000 deaths) also ranks poorly because it has a highly skewed health care system catering largely for those with health insurance, and an obsession with rapid discharge to contain insurance costs (Jones 2013 , McKee et al 2017 . The United Arab Emirates, Korea, the State of Kuwait and Japan rank highly at around 1 bed per death. France (736), Germany (773), Luxembourg (794), and Austria (844) all have more than double the number of beds per death as the UK. The NHS is run by devolved administration across its four countries with different policies, funding and administrative arrangements. The different levels of NHS beds per 1000 deaths in each country are given in Table 2 . As can be seen, the UK average is greatly reduced by very low bed provision in England, which is 30% lower than that available in Scotland and Northern Ireland and 20% lower than that available in Wales.
One of the limitations of beds per 1,000 deaths as a ratio is that the 45% of lifetime bed usage which does not occur in the last year of life will be concentrated in relatively younger populations. In younger populations there will be fewer deaths and hence the ratio of beds per death will be increased. The number of deaths per 1,000 population is a measure of population age structure. Figure 2 illustrates the relationship between beds per 1,000 deaths and deaths per 1,000 population. As expected, younger populations with an associated lower deaths per 1,000 population do indeed show higher beds per 1,000 deaths The line of best fit for Figure 2 gives a logarithmic trend such that Beds per 1,000 deaths = 876 -232.4 x ln (deaths per 1,000 population). This relationship can then be used to adjust the number of beds per 1,000 deaths in all countries to an equivalent to the UK with 9 deaths per 1,000 population (see section in discussion).
Discussion
While end-of-life corresponds to far higher bed use, it must also be remembered that any combination of environmental conditions leading to higher deaths is also likely to lead to higher levels of non-end-of-life emergency admissions, hence marginal changes in deaths remain a reliable indicator of the major contributors to hospital admissions, critical care, general bed use and clinical workload (Jones, 2018b) . Figure 1 shows a distribution of available beds per 1000 deaths which ranges from the developing countries on the left to the developed countries on the right showing a logical progression. In the last year of life, nursing home beds can substitute for acute beds, and vice versa (Aaltonen et al, 2017; Bone et al, 2018) . This moveable boundary may explain the very high ratio of beds per 1000 deaths seen in countries such as the State of Kuwait (1157), Monaco (1586), South Korea (1120) and Japan (1442). Examples of high beds per 1000 deaths occur across the full range of deaths per 1000 population in different countries (See Figure 2) . Lower deaths per 1000 population implies a generally healthy younger population, hence factors other than population age structure determine the ratio of beds per 1000 deaths.
In this respect, a death in hospital represents the final of a series of lifetime admissions which mainly occur in the last six months of life (Busse et al 2012) and is highly modifiable by the totality of the healthcare system (Aaltonen et al, 2017; Bone et al, 2018) . The entirety of the healthcare system in different countries merely predisposes toward different places of death such as nursing home, hospice, home or a hospital. There are wider cultural issues regarding 'respect' for the elderly and their care in the last months of life. The issue as to whether too few beds contributes to the overall mortality rate is somewhat problematic. Clearly, less developed countries have a higher mortality rate along with fewer hospital beds. Both are linked with relative affluence. It could be argued that a large part of acute hospital interventions, which occur in the last six months of life, should be delivered in more appropriate locations; hence policy pressure in England to move parts of end-oflife care to the home. The difficulty is that it is exceedingly difficult to determine exactly who is in the last six months of life (Jones et al, 2016) .
After years of relentless bed closures, the UK has too few beds, especially in England, (Table 1) . This can be attested by an average midnight acute occupancy in NHS England of 95.8% on 3 January 2018 (which includes pediatric wards and specialist hospitals) (NHS England, 2018a, b) . This was despite advice from NHS England to virtually cease all routine elective surgery in England (The Times 2018, 
NHS England 2018c)
. Occupancy (at midnight) in mental health hospitals in England is also close to 100% (NHS England, 2018b ). This situation is reflected in the poor ranking for the whole of the UK in Figure 1 . Figure 1 also shows that each healthcare system has reached its own level of bed provision based on a variety of factors. A final decision regarding adequate bed provision can only be reached when higher intensity nursing home beds can be defined, and then counted, and then compared across countries. It is known that an adult admission by a person of any age to a medical specialty is associated with an increased risk of death in the next 12 months (Clark et al, 2014; Flojstrup et al, 2017) . Existing models for forecasting bed demand require urgent revision and medical specialties are likely to have a higher component of end-of-life related bed demand while the surgical specialties will be a mix of the two with a possible higher age structure component.
Adjusted Beds per 1,000 Deaths
One of the limitations of Figure 1 was that it compared countries with vastly different deaths per 1000 population. Most Western countries cluster around 8 to 10 deaths per 1,000 population due to a common World War II baby boom. For example, Norway (8.1), Spain (8.2), USA (8.4), Portugal (9.1), Denmark/Sweden (9.6), Belgium (9.9). Australia (6.4) is an outlier due to Government policies supporting continuous inward migration of working age people, ongoing since the end of World War II.
The lowest ratio of deaths per 1,000 population all occur in the oil-rich Gulf countries with between 1.1 (UAE) to 3.2 (Saudi Arabia) deaths per 1,000 population. This very low ratio is sustained by a large and young migrant labour force from Africa and Asia who are employed in the construction and service sectors. Large hospitals have also been built and staffed based on oil-income. These countries have an average of 840 beds per 1,000 deaths.
After adjustment, the international median is 300 beds per 1,000 deaths (at 9 deaths per 1,000 population equivalent). The UK ranks very close to New Zealand and a comparison with this country warrants attention.
Since the 1980's New Zealand has been actively pursuing integrated health and social care (Cumming 2011) . New Zealand has one of the lowest levels of expenditure on health care and numbers of acute beds per head of population (Malcolm 2007 ) and ranked highest for the level of integrated care of the seven countries in a Commonwealth Fund survey (Davis et al 2010) .
In the UK, the Torbay integrated care organisation began operating in 2004/05 (Karakusevic 2010) and after five years of operation in 2009/10 had a ratio of beds per 1,000 deaths some 30% lower than comparable Primary Cate Organisations in England (Jones 2011) . It should be clear from these facts that mature integrated care organisations are able to deliver a lower ratio of beds per death.
The levels of integrated care vary greatly across the UK with England lagging behind the other three countries in the Union. It was only in 2018 that Health and Social Care became a single government department in England. Hence, 298 adjusted bed per 1,000 deaths in New Zealand represent an outcome of a mature integrated care health system while 320 beds per 1,000 deaths in the UK represent bed supply in a relatively immature integrated health care system. Very high bed occupancy in the UK coupled with escalating elective inpatient waiting lists testify to the fact that, relative to its level of integration, the UK is attempting to operate with too few beds. In this respect the level of beds per 1,000 deaths in New Zealand remains an aspirational goal to be achieved after years of hard work. 
Recommendations
In the short term, UK healthcare managers need to argue more strongly the case for additional beds. More beds do not automatically mean more staff, it simply allows a hospital to achieve operational efficiency and facilitates the rapid flow of patients from the emergency department into a bed in the correct inpatient specialty.
In the long term, far higher levels of integration need to be achieved with New Zealand providing an aspirational benchmark.
Conclusions
The provision of beds per 1000 deaths ranges from less than 200 in developing countries through to higher than 1000 in countries where more nursing home type care is counted as an acute bed. Somewhere over 380 is likely to indicate a functional and comprehensive health service. Existing models for forecasting bed numbers need to be modified to reflect the reality that just over half of a person's lifetime bed occupancy occurs in the last six months of life. This figure is subject to end-oflife system characteristics. Relatively younger populations, such as those typically present in large cities, will have a higher proportion of bed demand relating to age-structure, while in older populations the demographic component will be far less. International definitions of a high intensity nursing home bed need to be developed to aid in the understanding of how nursing home and acute beds substitute for one another. 
Footnote

My (unpublished) research shows that New Zealand began reducing the ratio of beds per death from around 2001 onward. New Zealand therefore has a 17-year head-start compared to
